We present a solution of a modified time-dependent Ginzburg-Landau equation in the limit of in6nite order-parameter dimension N. The scalar (N = 1) model is believed to describe phase separation in chemically reactive binary mixtures, block copolymers, and other systems where competing short-range and long-range interactions give rise to steady-state, spatially periodic structures. We present exact analytical expressions for the time dependence of the dynamic structure factor S(k, t) and the peak position h (t). We compare the scaling behavior for N = oo with that observed in the scalar model. 
Understanding the various mechanisms that give rise to both equilibrium and nonequilibrium pattern formation in complex systems is a problem of long-standing interest [1] . Nonequilibrium pattern formation occurs, e.g. , in incompatible binary mixtures undergoing phase separation by spinodal decomposition [2] . During spinodal decomposition, a mixture of two species of molecules A and B will become unstable with respect to longwavelength concentration Suctuations when the mixture is quenched into the~~stable region. This process ultimately leads to macroscopic phase separation via an interconnected morphology which coarsens self-similarly with time. In many situations, however, competing phenomena may interfere with phase separation, producing stable, periodic patterns (cf. Fig. 1 ). For example, -magnetic systems and dipolar Quids ordering in the presence of long-range, Coulombic interactions often exhibit striped, lamellar domain patterns [3] . In phase separating mixtures of block copolymers, the finite block length competes with the thermodynamic demixing of the constituent monomers, resulting in eq~nbbrium, microphaseseparated lamellar, hexagonal, and micellar structures, depending on the constituent concentrations [4 -6] . Conventional phase separation in binary mixtures and polymer blends can also be altered by chemical reactions [7, 8] .
For example, a reaction such as A B tends to spatially mix the two species, and when this reaction occurs simultaneously with spinodal decomposition, the phase separation process evolves into a steady-state pattern in which the demixing thermodynamic and mixing reactive processes balance [7] .
The theoretical understanding of spinodal decomposition in binary mixtures is based mainly on the CahnHilliard theory [2, 9, 10] . Consider the following, modified Cahn-Hilliard equation: (1) has been proposed to describe phase separation in both symmetric diblock copolymers [5] and chemically reactive binary mixtures [7] . (1), and shows the equilibrium domain morphology of the concentration field for a system quenched into the two-phase region [7] . 
n@(x t)} = +8'(» t)) G x, x' x, t x', t dxdx', and G(x, x') is the Green's function for Laplace's equation, )k)'2G(x, x') = -b(» -x'), with appropriate boundary conditions, so that, for d=3, G(x, x') = (4z~»-»'~)~. Thus, the system described by Eq. (1) has a Lyapunov functional [11] ,given by Eq. (4) [3, 5 -7] .
We consider then the following modified, scalar timedependent Ginzburg-Landau (TDGL) equation with a conserved order parameter. By taking the local &ee energy to be of the Landau form, f(Q) = rg /2+ gg /4, Eq. (1) becomes
which for TV = 0 gives the usual TDGL equation. Here r, g, and tc are phenomenological parameters related to the quench depth and interfacial energy, respectively. We seek an exact analytical solution for the evolution of the time-dependent structure factor S(k, t) of the system described by Eq. 5 following a quench from high temperature into the unstable region. Such a solution is, at present, intractable in the scalar (N = 1) case. However, the immodified TDGL equation has been solved exactly for an N-component order parameter in the N = oo limit for both conserved and nonconserved order parameter [12] . This solution can also be viewed as a self-consistent appro»irnation of the scalar model [Eq. (5) Here we present an exact analytical solution of Eq. (5) for an infinite-component order parameter, after an instantaneous quench from a high temperature to r & 0 (T ( T ), following the approach taken in Ref. [12] .
Specifically, we derive an exact analytical expression for the time dependence of the dynamic structure factor S(k, t) and the peak position k (t) (T ( T, ), and assume the initial condition (Q (x, t)) = 0.
In the limit N = oo, we recover the spherical model and replace~g & z vP&~(», t) by (g (x, t)) in Eq. (6) [13]. Here () represents an ensemble average over the initial configurations. Moreover, by assuming translational invariance so that the pair correlation function g(», x';t) =-(Q (x, t)@ (x', t)) = g(x -x', t), the quantity (Q (x, t)) = g(0, t): -S(t) is independent of position x. Thus, dropping the label o. and Fourier transforming over space, it is straightforward to obtain the equation of motion of the structure factor S(k, t):
where k is a dimensionless wave vector and S(k, t) is the spatial Fourier transform of (@ (x, t)Q (x', t)). The total integrated scattering intensity S(t) must be determined self-consistently:
where d is the spatial dimension of the system. By replacing~P &~g &~(x, t) by S(t), we have, in effect, enabled a linearization of Eq. (6) in Fourier space by self-consistently "preaveraging" the nonlinear term in the equation [14] . Consequently, Eq. (7) 
where the peak position k (t) is given by the solution of Eq. (12), and the width of the peak is given by Ek: (11) where we have defined L(t): -(2t)i~4. However, we still require the solution for k (t). Using the method of steepest descent to solve for Q(t), and relating Q(t) to k (t) through Eq. (10), we obtain the following equation when k4 (t)L'(t) » 1: [5, 6, 11] that the scalar model applies to diblock copolymer melts, in which W oc 1/n, where n is the chain length, and that the two limiting regimes of this model, small W (cr = 1/3) and large W (a = 1/4), correspond to the strong and weak segregation limits, respectively, in diblock copolymers [4] . The scalar model also describes chemically reacting binary mixtures, in which A = B and the forward and backward reaction rates are equal and proportional to W [7] , and is expected to describe phase separation in other systems characterized by the Lyapunov functional in Eq. (4).
In the N = oo limit, we find that k obeys a scaling law for W ( 1/4 given by Eq. (17), similar to Eq. (19) with o. = 1/4, as in the large-W limit of the scalar model. Moreover, the structure factor in Eq. (14), in the limit t~oo, is given by a scaling relation similar to Eq. (20) with f(x, y) approximated by a Gaussian centered at x = 1, which in the limit y~o o tends to a b function centered at x = 1. That is, while the position of the peak of the structure factor tends to a constant, in agreement with the scalar case, the width of the peak continues to shrink to zero. This b function scaling form suggests a sinusoidally varying composition profile in d = l. Such a profile has been used to describe the diffuse lamellar structures seen in the large-W limit of the scalar model. Indeed, diffuse interfaces are expected for large N due to the continuous symmetry of the order parameter. Thus, the N = oo TDGL model studied here seems to approximate the scalar model in the large-W limit.
